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RESEARCH MEMORANDUM

LARGE-SCALE WIND-TUNNEL TESTS OF A JET-TRANSPORT-TYPE
MODEL WITH ILEADING- AND TRAILING~-EDGE
HIGE~-LIFT DEVICES

By David H. Hickey and Kiyoshil Aoyagil
SUMMARY

An investigation was conducted to determine the longitudinal charac-
teristics of an airplane model with =& 35° swept wing of aspect ratio T
and four pylon-mounted nacelles. Several leading-edge configurations were
studied 1n conjunction with double-slotted trailing-edge flaps.

Three-component longitudinal data are presented. In general, the
test Reynolds number was about L4.8X10%, but for selected configurations,
dste for Reynolds number ranges from 2.8 to 8x1L0% are included.

INTRODUCTION

A study of the low-speed longitudinal characteristics of a Jet-
Ttrensport model with a swept wing and four pylon-mounted nacelles is being
conducted in the Ames 40O~ by 80-foot wind tumnnel. Resulis were cbtalned
with double-slotted trailing-edge flaps, a slatted leading edge, and a
leading edge wilth increased camber and alrfoll nose radius.

Data from the initial investigation are presented hereln. The
majority of the data were obtained at a Reynolds number of 4.8 million,.
Some configuratlions were tested with Reynolds numbers ranging from 2.8
to 8 mililion.

The results are presented without discussion in order to expedite
publication.
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NOTATION

wing span, £t
wing chord parallel to the line of symmetry, ft

b/2
c2ay
mean aerodynamic chord, e , Tt
b/2
L e
1FL
1ift coefficient, ~——
quﬁ
drag coefficient, dreg
qaﬁ
pitching-moment coefficient sbout 0,257, LAt
quE

horizontal~tall inclidence angle, deg
leading edge
modified leading edge

free-stream dynamic pressure, 1lb/sq ft

Vool

Reynolds nunmber, -

free-stream alr velocity, ft/sec

NACA RM AS58H12

distance along the chord line from the alrfoil leading edge to

some polnt on the airfoil, ft

spanwlse distance perpendicular to the plane of symmetry, ft

perpendicular distance fram the chord liﬁe to the airfoll surface,

higr

deflection of the mailn tralling-edge flap measured perpendicular

to the hinge line, deg

slat deflection measured perpendicular to the leading edge, deg

free-stream kinematic viscosity, ft?/sec

fraction of wing semispan, %?
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Subscripts
£ mein traelling-edge flap
1 lower surface
u upper surface, or uncorrected
v tralling-edge flap vane
MODEL

Figure 1 is a photograph of the model as installed in the 40~ by
80-foot wind tunnel and figure 2 is a sketch of the model glving pertinent
dimensions.

Wing Geometry

The wing had an aspect ratio of 7, taper ratio of 0.3, and sweepback
of 359, 6° of dihedral, and a 2° incidence angle. The basic airfoil sec-
tion at the root was 65-Alllk, tapering to a 65AL10 at the tip (see
table I). A portion of the wing ahead of the 20-percent chord line and
behind the 60-percent chord line was removable so that different leading
edges and tralling edges could be tested.

Wing Leading Edges

The basic wing leading edge was constructed so that the forward
portion of the wing could be deflected as &g slat. Pertinent dimensions
of the slat arrengement are shown in figure 3(a), and slat coordinates
are. glven in table IT. The slat was deflected 15° when in the extended
position, Different spenwlse slat extents were tested. The spanwise
extent of the extended glat 1s specified on the figures as follows: 84
(0.09 - 1.0). This means that the slat was extended between 7 = 0.09
end 1.0.

Another leading edge incorporating both increased camber upstream
from the 20-percent line and increased leading-edge radlus was tested
(see table ITII for ordinetes). The camber varied spanwise to give the
wing chord lines 3° of geometric twist (see fig. 3(b)). The leading~-edge
radius was increassed from normel. at the root section to 0.02 chord at
1 =0.4. From 7 = 0.4 outboard, the leading-edge radius was a constant
0.02 chord. This leading edge is referred to on the figures as MLE
(modified leading edge).
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A 0,15 chord Kruger flap, extending from 17 = 0.55 to 0.7 was
tested. The flap was contoured to the lower surface airfoll shape and

was deflected 50°,
Tralling-Edge Flap

The double-slotted trailing-edge flap used on the model was similar
to that studlied in reference 1. Pertinent dimensions of the flap are
shown in figure 4, and flap ordinates are shown 1n table IV. A typical
flap configuration is described on the figures ss &¢
This means that the flap was deflected 50 between 7

0.09 and 0.63.
Fuselage

The fuselage cross section was defined by a 4~ by 5-foot ellipse,
except for the nose and the tall cone. The nose section was a 4- by
8-foot ellipse in the horizontal cross sectlon and a 5- by 8-foot ellipse
in the vertical cross section. The tail cone had a stralght teper from
&8 4~ by 5-foot ellipse to a gimilar but smaller ellipse at the tall.

Neacelles

Engine nacelles used in thils test were designed to house J-30
engines for thrust-reverser tests. Unless otherwlse specified, the
nacelles gnd pylons were mounted on the model.

Tall

Geometry of the horizontal and vertical talls is described in
figure 2. Incidence of the horlzontal tail could be changed from +4°
to -8°. The vertical tail wae fixed. Unless otherwise specified, the

tail was mounted on the model.
— .

CORRECTTIONS

The following corrections for the effects of wlind-tunnel-well
Interference were applied:

@ = oy + 0.59 Cf,

Cp = Cp, + 0.010 ¢L2

Cm

Cm, + 0.0028 Cf, (tail on)

50° (0.09 - 0.63).



NACA RM A58H12 . >

RESULTS

Three-component longlitudinal data were measured at zero sideslip
angle.

Figures 5 through T present data showing the effect of different
leading-edge configurations on the longitudinsl characteristics of the
model. Results with and withoubt full-span slats and with the modified
leading edge are included in figure 5. The effect of several spanwise
extents of leading-edge slat is shown in figure 6. Results presented in
figure T are for the plain leadlng edge, an extended slaet between the
nacelles, and a 0.15n Kruger flap inboard of the outboard nacelle. The
trailing-edge flsp was deflected 50° for these data.

Figures 8 through 10 present data showing the effect of tralling-edge
flap configuration varlables on longitudinal characteristics. Variables
considered are trailing-edge flap deflection wlth and without slats and
with the modified leading edge (fig. 8), flap spanwise extent (fig. 9),
and blocked flsp slots (fig. 10).

Data in figure 11 show the effect on longitudinal characteristics of
tell incidence and sbsence of the tail. Data in figure 12 show the effect
of nacelles and pylons on the Jongitudinal characteristliecs of the model.
Results are presented with and without pylons and nacelles for three
leading-edge configurations and three tralling-edge flap deflections.

Data showing longitudinal characteristics for Reynolds numbers from
2.8 to 8.1 million are presented in Ffigures 13 and 1k. Results for two
leading-edge configurations and two tralling-edge flap configurations,
all with nacelles on, are included. Figure 15 shows similar results with-
out nacelles and pylons for the modified leading edge and two trailling-
edge flap deflections.

Ames Aeronsutical ILaborstory
Natlonal Advisory Committee for Aeronautics
Moffett Field, Calif.,, Aug. 12, 1958

REFERENCE

l. Naeseth, Rodger L.: Effect of a Fuselage on the Low-Speed Longitudinal
Aerodynamic Characteristics of a 45° Sweptback Wing With Double-
Slotted Flaps. NACA RM L56G02, 1956,



TABLE

I.- COORDINATES CF BASIC WING PARALLEL TO THE MODEL PLANE OF

NACA RM AS58H12

SYMMETRY
zy/e zy/c
xy/c - xy/e L
1 =20 =1,0 n=20 n=1.0
0 o} o} 0 0 o}
L0347 | .01178 1 .00842 | .00653 | -.00945 | -.00675
.0058 .0lkh2 | ,0103 .00920 { -.01115 | -,00797
.01059 | .01853} .01323 | .01lh41 | -.01p353 | -.0096T7
.02283 | ,02606 | .01862 | .02717 | -.01738 | -.0124k2
OR7ST 1 037651 .02689 | 05243 | -.022G0 | -.01636
Oo72h7 | ,0h6T78 | 03342 - .07753 | -.02700 | -.01928
L097k6 | .05451 | ,03893 | .10254 | -.03038 | -.02170
Ah7ST I 06698 | .0kT8E | 15243 | -.0355T7 | -.02541
JA9781 1 07656 | (05468 | .20219 | -.039h1 | -.02815
248111 .08392| .05994 | .25189 | -.04215 | -.03011
.29846 | ,08934 ] .06382 | .30154 | -.0k398 | -.03142
34884 | ,09299 | .066L42 | .35116 | -.04k93 | -.03209
.39923 | .09495 | .06782 | .4OOTT | -.Obh97 | -.03212
ko2 | 09495 | 06782 | .45038 | -.04385 | -.03132
.5000 .09290 | .06636 | .50000 | -.0L143 | -.02959
55035 | .08869 | ,06335 | .54965 | -.0376 | -.02685
L6006k | ,08266 1 .05904 | ,59936 \ y
.65086 | 07513 | 05367 | .69k i
.70101 | .06634% | .04T38 | .69899 | 5
LT5107 | .05655 0k039 | .T74893 a8 o
.80103 | .04591 03279 | .T79897 ks A
.85090 [ .03470 02478 | .84910 H -
.90066 | ,02309 01649 | ,89934
.95033 | .01150| .00822 | .9hobT v v
1.000 0 0 1.00000 0 0
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TABIE IT.- COORDINATES OF INSIDE SLAT® AND WIRG PARAILEL TO THE
MODEL: PLANE OF SYMMETRY
[Outside coordinates are the same as those in table I]

1=0 n =1.0

x/c
Slat z/c|Wing z/c| Slat z/c|Wing z/c
0.02262 | -0.01592| -0.,01592| =-0.01183| -0.01183
.02283 -.01213 -.01460 -.00908 -,010k45
OLT757 .01873 L0135 .01320 .00935
LOT24T7 .0328% .02945 .02365 .02063
.09TL6 .04505 .0Lk266 .03190 .02943
LWTST .06526 .06526 .0l510 .04318

15lat trailing edge at x/c = 0.1555

TABLE ITTI.~ MODIFIED LEADING~EDGE COORDINATES PARALLEL TO THE MODEL
PIANE OF SYMMETRY

1 =0 1 = 0.k 1 = 1.0
x/c
zn/c z,/¢ zu/c z3/¢ Zu/c zy/c

0 0.017T74 { 0.0177k | 0.00894 | 0.00894 | -0.03k93 | -0.03493
.003L7 ] .02665) .00908 | .02372| .00011} -.01953| -.okhkoo
0058 .02863 ] .00718 | .02601 | -.00241 | -.01678| -.0hk620
.01059 | .03176} .00L13 | .02979 | -.00607 | -.01210| -.04951
02283 ] .0375Lh | -.00149 | .03541 | -.00985 | -.003581 -.05143
Ook7571 .0k63T7 | -.00998 | .0k389 | -.01627 .00990 | -.0L6T75
07247 | .05322 | -.01675 | .05053 | -.02086 .02063 | -.0h263
L097hk6 | .05916 | ~.02252 | .05615 | -.02521 .02915 | -.03850
A75T .06856 | ~.03152 | .06532 } -.03163 .o4h83 | -.03163
.20000| .O07657 ] ~.03919 | .07288 | -.03713 054731 -.02778
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TABLE IV.- DOUBLE-SLOTTED TRATLING-EDGE-FLAP COORDINATES PARALLEL TO
THE MODEL PLANE OF SYMMETRY

Main flap
Vane
x/cp n = 0.089 n = 0.626
zu/cr | zi/er | zifer | zifer | x/ev | ozu/ev | zi/ev
0 -0,0273 | -0,0273 | -0,0106 | -0.0106 } O o] o}
L0125 .008 -.0533 0252 | -.0401 | .0125| .0381 ) -.0268
.025 .028 -.0608 LOh26 ! -ou77 | L025 .0522 | -.0339
.05 .0588 | ~.0651 0659 -.0531] .05 .0739 | -.0409
075 .0815 ] -.0659 .0838 | -.0547| .075 L0905 | -.04k6
.10 20990 | -.0659 L0984 | -,0547| .10 .1050 | -.0480
.15 .12k8 | ~,0639 1200 ) -.0522| .15 .1269 | -.0409
.20 Ak12 | -,0593 .1339 | -.0486| .20 A4ho | -.0300
.30 1528 | -.0489 A4307 -.0401 | .30 .1630 | -.0140
Ao koo | -,0395 L1391 -.0316| .ho 1660 .0010
.50 1275 | -.0320 1200} -.0258 | .50 1600 | ,0180
.60 L1026 | -.0255 0969 | -,02061 .60 LAkh0o | L0300
.70 L0775 | -.0187 o741} -,01521 .70 1170 ] L0320
.80 L0519 -,0129 .Ohg8 | -.0103} .80 .0830 | .0200
.90 L0266 | -.0069 02551 -,0058 | .90 0450 | ,0180
.95 0135} ~.0040 01341 -,0033] .95 0260 | .0107
1.00 .0009 | -,0009 0006 -,0006{1.00 0 0
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Moment center

— 15,10 \ 21.46 —

A1l dimensions in feet

e/l
~
iy
t =
2,07, gt
20 . :
Horizontal Vertical
Wing tail tail
Aspect ratio 7.0 3.7 3.3
Taper ratio 0.3 0.375 04359
Area, sq ft 302,0 62.8 L6.7
Mean aercdynamic 7.15 4.39 5.72
chord, ft

Dihedral, deg 6 0 -

Figure 2,- Geometric details of the model.
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Airfoil gection (streamwise)

Root NAGA 65A-ldl
Tip NACA 65A-410
.02¢ y
7 ‘}/\—
Jdhe
5 s=15'1> - Leading-edge slat deflected

. 0185 c

;00 M,
<1bc )
\/ Leading-edge Kruger flap

- (a) Baslc alrfoil leading edge.

Figure 3.~ Details of the leading edges tested.
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20c

{ > - ] chord line
1.,02°

\ i Originel

02 ¢
Original
chord line
n=0.4
«20c
—_ e Original
chord 1ine
.02¢c
n=0.7
.20c
o )
1.9874 /1: Original
New chord 1ine\ chord line
.02¢c n = 1.0

(b) Modified leading edge.

Figure 3.- Concluded.



Figure L4,- Detalls of the double-slotted trailing-edge flap arrangement.
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2.4k : e

5¢(.09-,63),deg L.E. ; e
_: o H Bagic :

3= O ' Bagic
10 B’ MIE g

Texn mn

A 85(.09-1.0) [y B oy ot

.08 0 -.08-.16-.24 -,32 -140
Y 8 12 16 20 Cp

a

Figure 5.- Longitudinal characteristics of the model with three full-span lesding-edge

configurations; R = L.Bx108.
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o1 : Slat spanwiase
L.k extent, 1
; A None
1.2 F | A .7 =~1.0
% o)-l- - 1.0
i -09 - 110
1.0 - 0 -h = 07
oG Lirfiid | b R B I R B B e et i RizE il IR g I R RR
o .1 .2 .3 o5 08 0 -08 =16 -24 =32 =40 =08 -,56
Cp -y 0 h 8 12 16
e

Figure 6.- BEffect of spanwlse extent of the slats on the longltudinal characteristics of the model;
8p = 50° (0.09 - 0.63), R = 4.8x108,
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Jo
Cp ~l 0 h 8 12 16 Cpy

Figure T.- Effect on longitudinal characteristics of a Kruger flep deflected 50° and extending
from n = 0.55 to 0.7; & = 50° (0.09 - 0.63), R = L.8x10%,
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o
5f(.09-'-63),dﬁg

(a) Basic leading edge.

Figure §.- Effect of treiling-edge flap deflection on longltudinsl characteristics; R = L,8x108,
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6p(.09-.63),deg

0 30

oo

A 50

< 6

B .5 08 0
0 N 8 12 16
a

(b) Modified leading edge.

Figure 8.- Contlnued.
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0

. 2’4 "-"032

Cn

308 0 _008 -.16 -
16 20

12

(¢) Slats extendead,

19

Figure 8.~ Concluded,



2.2
2,0
1.8 F
1.6 F
L.k
1.2
1.0
.8 i I
Flap spanwise
_ extent, mn
.5 :
o] .09 - .63
’ D 109"-3h, |)-|)4"-63
0 1 o | IER O e 2 :o .09"‘.1’-‘-
o Jua .2 3 4 .5 08 0 -08 -16 -2 -.32 =40
Cp -l 0 b 8 12 16 Cn 2 ’ b
a

Figure 9.- Longltudinal characteristics with three spanwise extents of trailing-edge flap; plain
leading edge, B¢ = 50°, R = L Bx10%,
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Sealad glots

£l

.5 08 0 -.08 -16 -2 =32 =50
0 4 8 12 16 Gy

i
Cp =l

Figure 10,- Effect of blocking tralling-edge flap slots on longitudinal characteristics; modifled
leading edge, & = 50° (0,09 - 0.63), R = 4.8x1.08.
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o .2 .3 Joo .5 .08 0 -08 =16 -.24 -,32 =40 =48 -.56
0 N 8 12 16 Cy
(a) Tail incidence, with modified leading edge.

Figure 11.- Effect of horizontal-tail variables on longitudinal characteristics; d¢ = 50°
(0.09 - 0.63), R = 4.8x108,
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Nacelles off, besic leadipg edge,
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23

Figure 11,- Concluded,



2.2

2.0k

Gi'( -09"'063),(183
0 30

0 50
Flags demote pylons
and nacelles off

tH
it

e i BF O ainhisn R
Jd .2 3 4 5 .08 0 -.08 =26 -2 ~.32 =10
Cp %4 o L4 8 1 16 Cp
a

(a) Basic leading edge.

Figure 12.- Effect of pylons and nacelles on longitudinel characteristics.

g

STHGSY W VOVN




cTHEEYV W VOV

5p(.09-.63)

0 30

O 50

iy Flags dencte pylonsf:k 'Y,
- 13 .-%ir and nacelles off huulzii]: B P A ] :

0 -1 -2 ;3 oh- as a08 0 e "'.16 —cﬂ‘ -132 "l)-l-o -thB

Cp o L4 8 12 18 20 2 Cn
a

(b) Slaets extended,

<2

Figure 12.- Continued,




2,207

Fr -1
o B A G
6¢p(.09-.63)

0

O
4 Q 30
O 50

“Flags denate PYlOIlS
ikl and nacelleg off

0 ~-.08 -.16 =25 ~.32

C
m

(c) Modified leading edge,

Figure 12,- Concluded.
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0 t B)-H Ff el {1 A O 1 O R RE R el e B I 6 IR e H' :I';;--.! *EipE lll'"'.- -l i Rl 1K 124
0 01 02 -3 qﬁ -5 .08 O "'aOB ""-16 -.21} -‘.32
Cp = 0 Lk 8 12 16 20 0,
a
(a) & = 0°

Figure 13.- Effect of Reynolds number on longitudinsl characteristics with the plain leading edge,
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0 L 8 12

(b) & = 500 (0,09 - 0.63)

Figure 13.- Conecluded,
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| - 108 | O "'lDlBl -"16 "'-2,..1. "‘-32 —.LLO
L8 M ‘&% b=} Gy
LI ) PR S

(B.) 8f = Oo

o 2 .2 3 4 5
0

Figure 1lk,- Effect of Reynolds number with the modified leading edge on longitudinal cheracterdstics.
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22 03 n’-l- -5 -08 0
0 Iy 8 12 16 20

(b) BF = 50° (0.09 - 0.34; 0.4 - 0.63)

Figure 14,- Concluded.
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0 . 0 -.08 -16 =2 -.32
' G

(a) 8p = O°

st vy -’I
Figure 15.~ Effect of Reynolds number on lopgitudinal characteristicshwith the modified leading
edge and pylons and nacelles removed,
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